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REMARKS 

The application has been amended and is believed to be 
in condition for allowance. 

The specification has been amended to standardize 
reference to certain elements. 

The drawings were objected to as 'Mt]he drawings are 
objected to because numerous reference numerals have been used 
to identify all variations of the same part.'' Shoulder 7D was 
identified as an example. 

Shoulder 7D is the shoulder of internal annular 
housing 7 of flange 5. Shoulder 8G is associated with external 
conical ring 8. Therefore, it appears that two reference 
numerals have been used to refer to the shoulders of two 
different parts. This is believed to be appropriate and no 
drawing amendment is believed necessary. 

Claims 2 and 7 were objected to. 

These claims have been responsively amended. 

Applicant acknowledges with appreciation the 
indication that claims 4, 7, and 10 are directed to allowable 
subject matter. 

Claim 1 has been amended to include allowable claim 7 . 

Allowable claims 4 and 10 have been amended to be in 
independent form. 

Allowance of the independent claims and their 
dependent claims is therefore solicited. 



9 



Docket No. 0595-1001 
Appln. No. 10/790,089 



The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25-012 0 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted. 



YOUNG & THOMPSON 




Arlington, VA 22202 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 

REL/lk 
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Appendix : 

The Appendix includes the following items: 

- second substitute specification and marked-up copy of 
substitute specification 
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MARKED-UP COPY OF SUBSTITUTE SPECIFICATION 

Coupling flange system for hollow shaft 

BACKGROUND OF THE INVENTION 

This invention concerns a coupling flange system providing 
5 interconnection between hollow or similar transmission shafts 
connecting together two power devices or machines^ respectively 
the motor and the receiver, distant from one another. 

A typical case is power transmission in a rotary wing 
aircraft like a helicopter, connecting the main rotor 

10 transmission box to the anti-torque tail rotor transmission 
box. Because of the distance between the two boxes (several 
meters), transmission comprises several aligned shafts 
supported by bearings along the transmission line and coupled 
together, and with the respective drive and receiver shaft. To 

15 do this, the ends facing the two shafts, extending one another, 
are equipped with flanges which, by a link connecting them 
together, form a coupling or coupling sleeve as such, which 
link between the flanges in this example is elastic and, more 
particularly to compensate for the slight deformations and 

20 aligning defects that may appear. 

Naturally the invention is not confined to this particular 
application to the power transmission of a helicopter and could 
be used in other technical areas, as long as power or torque 
has to be transmitted by rotation between two devices, 
25 respectively the driving and receiving devices. 

Generally, each flange of a coupling is fitted around the 
outer surface of the tubular end of a hollow shaft either by 
bonding and riveting or bolting, or by welding. 



Although widely used, these two solutions nevertheless 
30 have drawbacks that cannot be left out of consideration. 
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In the first case, the weak spot is at the holes for 
riveting or bolting arranged radially at the shaft end, leading 
to local over-stressing that is always detrimental, in 
particular for the dynamic forces encountered on a helicopter 
5 (change of power level related to tail rotor maneuvering) . 

In the second case, welding causes a drop in the fatigue 
strength of the materials because of the annealing of the 
welding parts, making it necessary to allow for extra-thickness 
in the welding zone. 

10 Furthermore, once attached to the ends of the shafts, the 

flanges cannot be removed (weld) or are almost irremovable 
(bonding and riveting-bolting) so that whenever a problem 
occurs, by exercise in a bearing (previously mounted on the 
shaft before the attachment of the flanges), a balancing device 

15 or even at a flange, the complete assembly concerned, the 
"shaft-end flanges-bearings" needs to be replaced by 
disassembly of the corresponding coupling flanges and replaced 
by a new assembly. Naturally, this results in high maintenance 
costs and the lasting immobilization of the helicopter. 

20 In addition, to associate more generally a shaft and a hub 

or two shafts with one another, in a known embodiment, a 
friction link is used, for instance a set of two nested rings 
having combined external and internal conical surfaces. For 
instance, US patent US-5 067847 describes such an embodiment in 

25 which the conical assembly is mounted between a solid shaft and 
a hub of a part. The inner conical ring works with the solid 
shaft and the outer ring with the hub so that the relative end 
movement of the internal ring on the shaft, by a controllable 
device, pulls on the outer ring which is opened radially by the 

30 joint operation of the combined conical surfaces and is applied 
against the inner surface of the part- In this way, couple can 
be transmitted between the shaft and the part through the 
conical assembly which, to do this, uses the principle of 
conical force-fitting . 
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However, this solution has the drawback of only being 
applicable to massive parts such as solid shafts and large 
hubs . 

Another known embodiment described by French patent FR- 
5 2405 386 consists in using a cone working on wedges applying to 
a tubular part while also being integral with another tubular 
part. This solution is suitable for transmitting relatively 
low torque between two parts, but certainly not for 
transmitting high torque, as required for the tail rotor of a 
10 helicopter, 

SUMMARY OF THE INVENTION 

This invention aims to remedy these drawbacks and refers 
to a coupling flange system, the design of which allows the 
flange to be assembled and disassembled without affecting the 
15 integrity of the shaft, and to the transmission of high torque 
values. 

To do this, the coupling flange system including a flange 
to be mounted on one end of a hollow or similar shaft, and a 
set of conical internal and external rings combined together to 

20 link said flange with said shaft by friction, following the 
relative axial movement of said rings, is outstanding according 
to the invention in that said flange includes a rigid housing 
with a cylindrical axial passage to accommodate, coaxially, 
said set of conical rings and to define between the inner 

25 surface of said passage and the outer surface of said external 
ring, an annular space in which said shaft end can be engaged 
and in that said external ring is elastically deformable 
radially in order to clamp by pinching on said shaft end in 
said annual space during the axial movement of the rings, 

30 Accordingly, the link between the hollow shaft tubular end 

flange, advantageously of the pinching type, is carried out 
around the outer and inner surfaces concerned in the tubular 
end, sandwiched between the rigid housing and the set of 
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conical rings, contrary to prior embodiments in which the 
action was by one of the shaft or tubular part surfaces only. 
This arrangement of the clamping system means that forces can 
be transmitted by friction into the respective contact surfaces 
and that the tubular end flange system can be disassembled 
easily for maintenance operations, by simply releasing said 
combined conical rings and canceling the pinching action 
between the flange body and the conical assembly. 

In a preferred embodiment, the flange system also includes 
a rotating link between said housing and said internal ring. 
Accordingly, the couple introduced in the flange system is 
transmitted by friction without sliding in the form of a 
tangential force on the one hand, on the outer surface of the 
shaft by the rotation link between the housing and also on the 
inner surface of the shaft by a rotation link between the 
housing and the inner ring and the link between the inner ring 
and the outer ring combined. Therefore, high torque can be 
transmitted over a short length of the flange because the 
inside and outside surface of the hollow shaft are both under 
solicitation, also minimizing the weight of the flange system. 

In an initial embodiment example, said rotation link 
comprises teeth working together, arranged respectively on the 
outer perimeter of said internal ring and on the inner 
perimeter of the internal passage in said housing. 

25 According to a second embodiment example, said rotation 

link comprises a fitted plate secured to the transverse 
surfaces of said internal ring and said housing, opposing said 
shaft. Whatever the method used, the outstanding simplicity of 
the link design is evident. 

30 Preferably, to obtain the radial elastic deformation of 

the external conical ring without causing any umbalance during 
a rotation, semi-through lateral slots spread out regularly 
with respect to one another are arranged in said conical ring. 
Advantageously, said semi-through lateral slots terminate 
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alternatively in one and the other of the transversal faces of 
said external ring. 

Further, said annular space is blind and extends more or 
less over the entire length of said external ring. 
5 Accordingly, the pinching end of the shaft is maximized. 

In particular, this external conical ring has an external 
annular shoulder forming the bottom of said annular space, and 
against which the transversal face of the tubular end of said 
shaft abuts. Said axial housing passage also teinminates in an 
10 internal annular shoulder against which said external conical 
ring applies. 

According to the invention, said combined conical internal 
and external surfaces, respectively on external ring and 
internal ring, are cone-shaped with the apex on the end 
15 opposite said shaft. 

To obtain clamping by pinching the tubular end of the 
shaft, said internal ring extends on the side opposite to said 
shaft by a threaded cylindrical part opening out from said 
axial passage in the housing, and the flange system then 
20 includes a clamping device screwed onto the threading of said 
internal ring, applying to said housing to pull said internal 
ring and cause the external ring to spread. 

Advantageously, the inner surface of said internal ring 

flares linearly through to its transversal face turned toward 

25 said shaft so that the transversal section of said internal 
ring decreases gradually. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The figures in the attached drawing clearly indicate how 
the invention can be obtained. In these figures, identical 
30 references designate similar elements. 
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Figure 1 represents schematically the hollow shaft 
transmission connecting the main rotor to the tail rotor of a 
helicopter provided with coupling flange systems complying with 
the invention. 

5 Figure 2 is an exploded perspective view of an initial 

embodiment of the flange system according to the invention, 
showing its various components . 

Figure 3 is a longitudinal section of said assembled 
flange system, but before the assembly of the tubular end on a 
10 shaft. 

Figure 4 is a longitudinal sectional view of said flange 
system after the assembly of said tubular shaft end. 

Figures 5 and 6 are longitudinal sectional views 
respectively of two other embodiments of the flange system. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In a preferential application, although it is not 
exclusive, represented schematically in Figure 1, the flange 
systems 1 according to the invention are mounted at the 
respective facing ends of shaft 2 forming the power 
20 transmission line connecting output shaft 3 of the 
transmission box BP of main rotor RP to input shaft 4 of 
transmission box BA of the tail rotor RA of a helicopter H, 

This line comprises several hollow shafts or aligned tubes 
2, supported by bearings R and connected by fixed elastic 

25 couplings A (often referred to as elastic sleeves) for the 
reasons mentioned previously (alignment, deformation, length) . 
In this example, each coupling A has two flange systems 1 
attached at the end3 to face two consecutive shafts, 
respectively 3-2, 2-2, 2-4 and an elastic link 6 of the 

30 "Elector" disk type associating the two systems 1. 
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According to the invention, the link between each hollow 
shaft end flange system is by pinching, i.e. by grasping the 
outside and inside surfaces of the shaft end with couple 
transmitted to shaft 2 by the link between flange 5 and outer 
5 surface 2D of the shaft. 

To obtain this, as shown in perspective in Figure 2, 
flange system 1, in this embodiment method, includes a flange 5 
having a rigid housing 7 with a cylindrical axial passage 7A, a 
set of combined external 8 and internal conical rings 9 apt to 

10 be received in the axial passage of the housing and with it, 
forming an annular space 10 as shown in Figure 3 for engaging 
the tubular end 2A of shaft 2, and a clamping device 11 such as 
a nut for clamping the components of flange system 1 and 
pinching the tubular end 2A of the shaft in annual space 10 by 

15 the movement of external and internal conical rings 8 and 9, as 
will be seen subsequently. 

Structurally, it can be seen in Figures 2 to 4 that the 
rigid housing 7 of flange 5, on the side opposite the reception 
end of the hollow shaft, a transversal triangular base 7B 

20 forming more or less three radial arms 7C set out at 120° with 
respect to one another and attached to the corresponding outer 
disk of the elastic link 6 of coupling A by respective bolts 12 
(Figure 4) . The three radial arms of the opposite flange 
system base, shown in dotted lines in Figure 4, are attached by 

25 bolts to the other external disk of elastic link 6, thus 
terminating coupling A as such between the two shafts to be 
connected. It is also evident in Figure 3 that the axial 
passage 7A terminates in an inner internal annular shoulder 7D 
against which is pressed the set of external and internal 

30 conical rings 8 and 9. Dimensionally , the cylindrical surface 
7E of axial passage 7A has a diameter very slightly greater 
than the outside diameter of tubular shaft 2. 

As far as outer external conical ring 8 of said assembly 
is concerned, the outer surface 8A of its side wall 8B has an 
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inside diameter very slightly smaller than the inside diameter 
of the end of said shaft which can thus engage, with some 
adjustment, in annular space 10 formed between inner 
cylindrical surface 7E of the axial passage of housing 7 and 
5 the outer surface 8A of the external ring. The inside surface 
8C of its wall has a truncated shape with a very small opening 
cone, the apex of which is on the opposite side to the hollow 
shaft to be clamped. 

Furthermore, its wall SB, advantageously, is elastically 
10 deformable radially. To obtain this, as shown in particular in 
Figure 2, it has semi-through side slots 8D which are set out 
at equal angles with respect to one another and the other slots 
around its annular wall. For instance, there are twelve of 
them, six slots through on transversal side 8E turned toward 
15 shaft 2 and six others alternating with the previous ones, 
opening through on the side of the other transversal face 8F. 
Slots 8D extend approximately over two-thirds of the ring 
length . 

Finally, transversal 8F of external conical ring 8 
20 terminates in an external annular shoulder 8G which, on one 
side, is designed to press against internal annular shoulder 7D 
of flange housing 5 and, on the other, forms a bottom for 
annual space 10 against which transversal face 2B of tubular 
end 2A of the hollow shaft is designed to abut. 

25 As concerns internal conical ring 9, outer surface 9A of 

its side wall 9B is truncated with equal but inverse conicity 
to that of external conical ring 8 so that internal surfaces 8C 
and external surfaces 9A respectively of external conical ring 
8 and internal conical ring 9 are combined. Note also that 

30 internal conical ring 9 extends on the side turned toward the 
outside in a cylindrical part 9C emerging from said internal 
annular shoulder 7D of flange 5 houoing and has threading 9D 
for the assembly of clamping nut 11. In addition, inner 
surface 9E of the ring is more or less cylindrical, but flares 
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towards its transversal end face 9F turned toward the shaft, so 
that the transversal section of wall 9B decreases gradually. 

The assembly of flange system 1 to tubular end 2A of shaft 
2 is particularly simple and obtained as follows. 

5 First, as shown in Figure 3, the components forming the 

coupling flange system 1, i.e. flange 5 with rigid housing 7, 
the set of truncated external and internal conical rings 8, 9 
and clamping nut 11 are first assembled, without any force 
being caused due to the clamping of the nut, which could result 
10 in the radial spreading of external olottod conical ring 8. 
Therefore, it is mounted loose and may slide, although in a 
limited way, on internal conical ring 9. 

Tubular end 2A of hollow shaft 2 is then inserted into 
annular space 10 of flange 5 until its transversal face 2B 
15 comes into contact with external annular shoulder 8G of 
external ring, which shoulder 8G is itself in contact with 

internal annular shoulder 7D — fehe — houoing . End 2A of the 
shaft, thus abutting axially, fits appropriately into the 
annular space. 

20 The axial immobilization of shaft 2 with respect to the 

flange system is obtained, and clamping nut 11, mounted on 
threading 9D of internal conical ring 9, is then screwed in 
until it comes into contact with internal annular shoulder 7D 
of housing 7 of flange 5, as shown in Figure 4. This causes a 

25 slight axial movement, by the sliding of the inner truncated 
internal conical ring 9 to the outside, i.e. towards the left 
in Figure 4 (extraction movement) , whereas outer external 
conical ring 8 is axially abutted against internal annular 
shoulder 7D. Simultaneously with screwing in, by the 

30 combination of the effect of external truncated surface 9A and 
internal truncated surface 8C of respective internal and 
external conical rings 9 and 8, the expansion or limited radial 
deformation of split wall 8B of external conical ring 8 is 
produced, through slots 8D, so that the outside cylindrical 
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surface 8A is applied hard against the inside cylindrical 
surface 2C of tubular shaft end 2A. This radial expansion of 
lateral wall 8B of the external ring reduces the annular space 
10 and, by counter-reaction, causes contact between the outer 
5 cylindrical surface 2D of shaft tubular end 2 with the inner 
cylindrical surface 7E of the axial passage with which housing 
7 is advantageously rigid. 

Accordingly, tubular end 2A of the shaft is clamped by 
pinching between housing 7 of flange 5 and truncated assembly 
10 of external and internal conical rings 8, 9 by clamping nut 11. 
Flange system 1 then transmits its forces by friction onto the 
contacting surfaces . 

Also shown, as indicated previously, is elastic disk 6 of 
coupling A attached by bolts 12 to base 7B of housing 7 and, in 
15 dotted lines and partially, the other flange system 1 of the 
coupling mounted on the tubular end of another shaft forming an 
extension to illustrated shaft 2. 

Naturally, the radial deformation of the shaft tubular end 
under the applied clamping force remains less than the elastic 
20 limit of the component material. Also, local pressures caused 
in the various components are also less than the peening limits 
of the materials concerned. 

In two other embodiments shown in Figures 5 and 6, a 
rotational link 14 is generated between rigid housing 7 of 
25 flange 5 and inner truncated internal conical ring 9 of the 
assembly, so that considerable couple can be transmitted 
efficiently, not only through the outer surface of the shaft 
but also through the inner surface, by means of the conical 
assembly . 

30 In these two embodiments, the flange system structure, 

i.e. flange 5 with housing 7, the set of external and internal 
conical rings 8, 9, the annular space 10 and the clamping nut 
11, as well as its assembly and mounting on the tubular end of 
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shaft 2f are identical to the first embodiment described above 
and will not be explained in any greater detail. 

In the second embodiment illustrated in Figure 5, the 
rotating link 14 is of the obstacle-drive type and comprises a 
5 multitude of teeth 7F (or ribbing) arranged on the inner 
perimeter of internal annular shoulder 7D of rigid housing 7 
and a multitude of complementary teeth 9G on the outside of the 
inner ring, corresponding with said internal annular shoulder 
7D between threading 9D and the truncated wall 9B of inner 

10 internal conical ring 9. The rotating link 14, through two 
teeth 7F-9G, radially connecting housing 7 of flange 5 to inner 
internal conical ring 9 of the assembly, allows considerable 
torque to be passed to shaft 2 by the inner ring, the combined 
truncated surfaces and the outer ring. A washer 15 is also 

15 provided between nut 11 and link 14 to ensure a sufficient 
bearing capacity of nut 11 on inner internal annular shoulder 
7D. 

In the third embodiment shown in Figure 6, the rotary link 
14 is of the friction drive type comprising a plate 16 attached 

20 to housing 7 and inner internal conical ring 9. More 
particularly, plate 16 is applied to the transversal face 7G of 
base 7B and the transversal face 9H of internal conical ring 9, 
while the two transversal faces 7G and 9H are contained more or 
less within the same plane, perpendicular to the axis of flange 

25 system 1, An adjusting shim, not shown, could be introduced 
advantageously between plate 16 and faces 7G or 9H respectively 
of housing 7 and internal conical ring 9 to ensure the assembly 
of the components 16, 7 and 9, without any play or spurious 
flexing forces. It is also evident that the transversal face 

30 of innor internal conical ring 9 is solid so as to be able to 
attach plate 16 to it with screws 17, whereas attachment of the 
plate to base 7B is by means of bolts 12, not shown, in 
coupling A. Therefore, plate 16 is arranged between the 
elastic disk 6 of coupling A and base 7B of flange 1 housing 7 . 
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Here again, link 14 allows couple to be passed by friction 
between the flange 1 and shaft 2 system by flange 5 and the set 
of truncated external and internal conical rings 8-9. 

For the application to the transmission line of a 
5 helicopter, these two tangential link embodiments are 
preferred. 

Also note the ease with which flange system 1 according to 
the invention can be disassembled. After disassembly of bolts 
12 associating the two coupling systems A, the clamping nut 

10 concerned is unscrewed to ensure axial mobility of conical 
assembly of external and internal conical rings 8-9, canceling 
the pinching action on the tubular end of the shaft so that the 
flange system can be withdrawn. As far as the third embodiment 
is concerned, the screws retaining the plate are first removed 

15 so as to allow its removal and give access to the clamping nut. 

It is then easy to work on the bearings, the balancing 
devices and vibration absorbers, etc. provided along the shaft 
for replacement, servicing, checking, etc., thus considerably 
reducing costs and maintenance times on the transmission, 
20 without deteriorating the transmission shafts, and for 
reassembly or change of each of the flange systems if 
necessary . * 



